Objective This clinical study compared the effectiveness of 7-and 14-day intracanal medications in the reduction of bacteria/ endotoxins from primarily infected root canals and determined their antigenicity against macrophages through the levels of cytokines. Methods Seventy-two primarily infected teeth were randomly divided into six groups according to medication and time of application: 7-day groups = G1, Ca(OH) 2 + saline solution (SSL); G2, Ca(OH) 2 + 2% chlorhexidine (CHX) gel; and G3, 2% CHX gel and 14-day groups = G4, Ca(OH) 2 + SSL; G5, Ca(OH) 2 + 2% CHX gel; and G6, 2% CHX gel (all groups, n = 12). Bacterial and endotoxin samples were collected from root canals and inflammatory cytokines of macrophages supernatants. Culture techniques were used to determine bacterial counts and limulus amebocyte lysate (LAL) assay to quantify endotoxins. IL-1β, TNF-α, and PGE 2 were measured by ELISA-assay. Results With regard to the bacterial reduction, no differences were found between all protocols tested (p > 0.05). The CHX protocols (G3 and G6) exhibited the lowest effectiveness against endotoxins (p < 0.05). All protocols were effective in lowering the levels of IL-1β, TNF-α, and PGE 2 (p < 0.05), with no difference between the medications tested on days 7 or 14 (p > 0.05). Particularly, the 7-day CHX-protocol (G3) exhibited the lowest effectiveness in lowering the levels of most cytokines compared to the 14-day protocols (G6) (p < 0.05). Conclusions All the 7-and 14-day intracanal medications were effective in reducing bacteria and endotoxins as well as in lowering the levels of inflammatory cytokines, with CHX showing limited effectiveness against endotoxins. Moreover, 7-day CHX-protocol exhibited the lowest effectiveness in lowering the levels of most cytokines compared to the 14-day protocols. Clinical significance Seven-day CHX protocol is the less effective protocol and should be carefully applied by the clinician.
Introduction
Apical periodontitis is an inflammatory disorder of the periradicular tissue caused by bacterial infection of endodontic origin, which is characterized by periapical bone resorption [1] . Primary endodontic disease has a polymicrobial etiology, with predominance of Gram-negative anaerobic bacteria [2, 3] . This species presents lipopolysaccharides (LPSs), one of the most important inflammatory molecules present in the outer layer of its membrane [4] , which can be released during multiplication or bacterial death, thus continuously stimulating the surrounding tissues even at low levels [5] . Endotoxins have been detected in 100% of the primarily infected root canals [6] [7] [8] [9] [10] , with high levels being related to more severe inflammatory response in periapical tissues [8, 11, 12] .
When bacteria and their toxins (e.g., LPS) present in the root canal infection egress into the periapical tissues via apical foramen, they activate immune response locally [13, 14] , culminating in a very complex inflammatory disorder involving a variety of inflammatory cells [15] as well as different proinflammatory cytokines [6, 13, 14] . IL-1β, TNF-α, and PGE2 have been detected in periapical tissues [13, 14, 16, 17] , being considered important inflammatory biomarkers in the apical disease [6-8, 13, 14] .
Since bacteria and their by-products are one of the main causes of apical periodontitis, special emphasis is given to the search for an optimal root canal disinfection protocol [11, [18] [19] [20] . Although instrumentation may be assumed to be of greater importance in the clinical practice, the use of intracanal medication has been proven to optimize the root canal disinfection [11, 19, 21, 22] . For this reason, a wide variety of intracanal medications have been proposed [11, [19] [20] [21] [22] [23] .
Calcium hydroxide [Ca(OH) 2 ] is the most commonly used intracanal medication [11, 19, 20, [22] [23] [24] [25] . Lately, chlorhexidine (CHX) has emerged as a potential intracanal medication [14, 23, 25, 26] and suggested to be used alone or combined with Ca(OH) 2 in a paste. Although studies have investigated the antibacterial property of Ca(OH) 2 , including CHX associations, the effects on immune periapical response is incipient [13, 14] .
Different Ca(OH) 2 pastes using inert (i.e., saline solution, propylene glycol) and activity (i.e., CHX gel) vehicles as well as different periods of application (7 or 14 days) have been proposed [11, 13, 19, 20, 23, 24] . However, in the clinical practice, a question arises on whether type of vehicle (inert or activity) and period of application (7 or 14 days) can influence the removal/elimination of bacteria and endotoxins from infected root canals and lower the levels of inflammatory cytokines present in apical periodontitis.
Overall, this clinical study was conducted to compare the effectiveness of 7-and 14-day intracanal medications in reducing bacteria/endotoxins from primarily infected root canals and to determine their antigenicity against macrophages through the levels of cytokines.
Material and methods

Patient selection
Seventy-two patients attending the dental school for primary endodontic treatment were randomly included in the present study. Randomization was performed with the software Excel 2011 (Microsoft Company) by a person who was not involved in this study. A detailed dental history was obtained from each patient. None of the patients reported any type of systemic disease (all healthy subjects) and those who had received antibiotic treatment during the last 3 months or who had any general disease were excluded. The Human Research Ethics Committee of the São José dos Campos Dental School (UNESP) approved the protocol describing the sample collection for this investigation, and all the volunteer patients signed an informed consent form.
All the selected teeth were single-rooted ones with pulp necrosis and apical periodontitis, with the presence of one root canal first verified in the periapical radiograph and confirmed after accessing the pulp chamber and root canal exploration. Central and lateral maxillary incisors and first and second maxillary and mandibular premolars showing a single root canal were included. All teeth with periodontal pockets deeper than 4 mm were excluded. None of the patients reported spontaneous pain. Teeth that could not be isolated with rubber dam were excluded. The sample size calculation was based on a previous investigation [11] , and 12 patients were required for each group.
Sampling procedures
Files, instruments, and all materials used in this study were treated with Co 60 gamma radiation (20 kGy for 6 h) for sterilization and elimination of preexisting endotoxins (EMBRARAD; Empresa Brasileira de Radiação, Cotia, SP, Brazil). The method used for disinfection of the operative field had been previously described elsewhere [11] . The teeth were isolated with rubber dam and their crowns and surrounding structures were disinfected with 30% H 2 O 2 (volume/volume [v/v]) for 30 s, followed by 2.5% NaOCl for the same period of time before inactivation with 5% sodium thiosulfate. Sterility was checked by taking a swab sample from the crown surface and streaking it on blood agar plates, which were then incubated both aerobically and anaerobically.
A two-stage access cavity preparation was made without the use of water spray, but under manual irrigation with sterile/ apyrogenic saline solution and by using sterile/apyrogenic high-speed diamond bur [11] . The first stage was performed to promote a major removal of contaminants, including carious lesion and restoration. In the second stage, before entering the pulp chamber, the access cavity was disinfected according to the protocol described above. Sterility of the internal surface of the access cavity was checked as previously described and all procedures were performed aseptically. A first endotoxin sampling (baseline endotoxin sample) was obtained by introducing sterile/apyrogenic paper points (size #15, Dentsply-Maillefer, Balaigues, Switzerland) into the full length of the canal, determined radiographically, and retained in position during 60 s [11] . Immediately after, the sample was placed in a pyrogen-free glass and immediately suspended in 1 mL of limulus amebocyte lysate (LAL) water, according to the endotoxin dosage, by using the kinetic-chromogenic LAL (Lonza, Walkersville, MD, USA) assay. This sampling procedure was repeated with three paper points that were pooled in a sterile tube containing 1 mL of Viability Medium Göteborg Agar (VMGA) transport medium for microbial cultivation (baseline bacterial sample) [11] .
After accessing the pulp chamber and sampling the subsequent first endotoxin, teeth were randomly divided into six groups according to experimental intra-canal medication and time of application as follows: 7-day experimental groups = G1: calcium hydroxide (Ca(OH) 2 ) + saline solution (SSL)] (n = 12), G2: Ca(OH) 2 + 2% chlorhexidine gel (2% CHX gel) (n = 12), and G3: 2% CHX gel (n = 12) and 14-day experimental groups = G4: Ca(OH) 2 + SSL (n = 12), G5: Ca(OH) 2 + 2% CHX-gel (n = 12), and G6: 2% CHX gel (n = 12).
Root canal was explored with a K-file size #10 (DentsplyMaillefer, Ballaigues, Switzerland) with 2.5% NaOCl. The working length (WL) was determined with the aid of an electronic apex locator (Elements Diagnostic Unit; Sybron Endo, Orange County, CA, USA) and confirmed by radiographs. All root canals were instrumented by using the ProTaper system (Dentsply-Maillefer, Ballaigues, Switzerland) up to F2 instrument (25/.08). After the use of each instrument, a #10 K-file was placed 1 mm beyond the WL to maintain patency of the apical foramen. The use of each instrument was followed by irrigation with 5 mL of 2.5% NaOCl solution by means of a 27-gauge side-vented needle (Endo-Eze; Ultradent).
Before the second sampling after instrumentation, NaOCl was inactivated with 5 mL of sterile sodium thiosulfate at 0.5% during a 1-min period, which was then removed with 5 mL of sterile/apyrogenic water. The second endotoxin and bacterial samples were obtained as previously described.
Next, the root canals were washed with 10 mL of saline solution and then flooded with 17% ethylenediaminetetraacetic acid (EDTA) during 3 min in order to neutralize NaOCl before application of the root canal medications. EDTA was activated by using hand K-files. Next, a final rinse with 5 mL of sterile/apyrogenic saline solution was performed.
The canals were then dried with sterile/apyrogenic paper points and filled with either Ca(OH) 2 + SSL; 2% CHX gel + Ca(OH) 2 ; or 2% CHX gel according to the group selection. The Ca(OH) 2 paste was freshly prepared and plugged into the canal by using Lentulo files (Malleifer-Dentsply) and the blunt end of a paper point. Care was taken to fill properly the root canal with Ca(OH) 2 paste without any radiographically visible air bubble. The paste was condensed at the canal orifice level with the aid of a sterile cotton pellet. Another sterile cotton pellet moistened in absolute alcohol was used to remove Ca(OH) 2 residues from the pulp chamber walls. The access cavities were properly filled with Cavit (ESPE, Seefeld, Germany) and light-cured resin (Z-250, 3 M Dental Products, St. Paul, MN, USA).
On day 7, for G1-3, and on day 14, for G4-6, the canals were aseptically accessed under rubber dam isolation by using the protocol for disinfection described above. The medication was removed with 5 mL of saline solution and by carefully filing the canal with a master apical file. Next, the root canals were irrigated with 10 mL of saline solution. For the groups using Ca(OH) 2 , the calcium hydroxide antimicrobial activity was neutralized with 0.5% citric acid during 1-min period, which was then removed with 5 mL of saline solution. Thus, for the groups with CHX gel, the chlorhexidine antimicrobial activity present in the root canal medication was inactivated with 5 mL of a solution containing 5% Tween 80 and 0.07% (w/v) lecithin during 1-min period, which was then removed with 5 mL of saline solution. The final bacterial and endotoxin samplings were performed in the root canals.
Bacterial culture analysis-determination of bacterial counts (culturing procedure) The method used for culture procedures in the present study had been previously described by the author [11] . The transport media containing the root canal samples were thoroughly shaken for 60 s (Vortex; Marconi, Piracicaba, São Paulo, Brazil). Serial 10-fold dilutions were made up to 10 −4 in tubes containing fastidious anaerobe broth (FAB; Lab M, Bury, UK). Fifty microliters of the serial dilutions were plated onto 5% defibrinated sheep blood (fastidious anaerobe agar, FAA; Lab M) by using sterile plastic spreaders to culture non-selective obligate anaerobes and facultative anaerobes. The plates were incubated at 37°C in anaerobic atmosphere for up to 14 days. After this period, colony-forming units (CFUs) were visually quantified for each plate.
Endotoxin analysis-quantification of endotoxins (LPS) (kinetic-chromogenic LAL assay) The method used for quantification of endotoxins in the present study had been previously described by the author [11] . The kineticchromogenic LAL assay (Lonza) was used for quantification of endotoxins. Escherichia coli endotoxin was used as standard. A positive control (root canal sample contaminated with a known amount of endotoxin) was included for each sample to determine the presence or absence of interfering agents. For the test, 100 mL of apyrogenic water (reaction blank), five standard endotoxin solutions (0.005-50 endotoxin units (EU)/mL), root canal samples, and positive controls (each root canal sample contaminated with a known concentration of endotoxin [10 EU/mL]) were added to a 96-well apyrogenic plate. The tests were carried out in quadruplicate. The plate was incubated at 37 ± 1°C for 10 min and placed in a Kinetic-QCL (Lonza) reader, which was coupled to a microcomputer by means of the WinKQCL software. Next, 100 mL of chromogenic reagent was added to each well. After the beginning of the kinetic test, the software continuously monitored absorbance at 405 nm in each microplate well and automatically calculated the log/log linear correlation between reaction time of each standard solution and corresponding endotoxin concentration.
Inflammatory analysis-quantification of inflammatory cytokines (ELISA assay) The amounts of IL-1β and TNF-α and PGE2 were measured by using the ELISA kit (R&D, Minneapolis, MN). Next, standard and sample solutions were added to the ELISA well plate, which had been precoated with specific monoclonal capture antibody for IL-1β, TNF-α, and PGE2. After being gently shaken for 3 h at room temperature, the polyclonal anti-IL-1β, anti-TNF-α, and anti-PGE2 antibodies, conjugated with horseradish peroxidase, were added to the solution and incubated for 1 h at room temperature. A substrate solution containing hydrogen peroxidase and chromogen was added and allowed to react for 20 min. The levels of cytokines were assessed with a micro-ELISA reader at 450 nm and normalized with standard solution. Each densitometric value, expressed as mean ± standard deviation, was obtained from three independent experiments. Macrophages (RAW 264.7) were cultured and stimulated with 60 mL of root canal contents during 24 h in order to quantify IL-1β, TNF-α and PGE2 as previously described by the authors [8] .
Statistical analysis
Data were typed into a spreadsheet and the software STATA 12.0 (StataCorp., College Station, TX, USA) was used to perform the analysis. Data with non-normal distribution were log10 transformed. In order to compare bacteria, endotoxin, and cytokine levels in the initial and final stages of endodontic treatment, the paired t test was used. The two-way ANOVA test was used to evaluate whether time of application and type of intracanal medication, as well as their interaction, affected significantly the results. Finally, one-way ANOVA with Tukey's post hoc test was then performed and Pearson's coefficient was used to correlate the amount of bacterial levels present in root canal infection regarding IL-1β, TNF-α, and PGE 2 . Significance level was always set at 5% (p < 0.05).
Results
All patients recruited for the study completed the trial (n = 72). Sterility samples taken from the external and internal surfaces of the crown and its surrounding structures, tested before and after entering the pulp chamber, showed no microbial growth.
Determination of bacterial counts (culturing procedure)
Culturable bacteria were found in all baseline samples of the 72 root canals investigated, ranging from 1.20 × 10 3 to 2.98 × 10 7 (CFU/mL) (median value = 5.26 × 10 5 CFU/ mL). Regardless of the root canal medication, a significant bacterial load reduction was achieved after 7 and 14 days of intracanal medication (all, p < 0.05) (Fig. 1) 
Quantification of endotoxins (LPS) (kinetic-chromogenic LAL assay)
The standard curve for detection of endotoxins fulfilled the criteria of linearity of the LAL test (r = 1). At the baseline, the LAL assay indicated that endotoxins were detected in 100% of the root canals, with a median value of 102 EU/mL (72/72). Table 2 shows the distribution of individual median and range values (pg/mL) of inflammatory cytokines found in the interstitial fluid sampled from periapical tissues before and after intracanal medication. All 7-day (G1-3) and 14-day (G4-6) intracanal treatments were found to be effective in lowering the levels of IL-1β, TNF-α, and PGE 2 (p < 0.05) (Fig. 2) . No significant differences were found between intracanal medications tested in the 7-or 14-day treatment protocol (p > 0.05) (Fig. 2a, b) . Particularly, the 7-day CHX-protocol (G3) showed the lowest effectiveness in lowering most cytokines levels compared to the 14-day protocols (p < 0.05) (Fig. 2a, b) . Thus, positive correlations were found between higher bacterial counts and higher levels of IL-1β, TNF-α, and PGE 2 (all, p < 0.05).
Discussion
In the present study, all initial samples were found to be positive for presence of bacteria with CFUs per root canal, ranging from 10 3 to 10 7
, which is comparable to previous studies [11, 21, 23] . The chemo-mechanical preparation was the most responsible for the reduction of 94% of bacterial load present in infected root canals. The use of chemo-mechanical preparation with intracanal medication contributed significantly to improving the reduction of bacterial contents from infected root canals, with CFUs per root canal ranging from 0 to 10 3 . Regardless of the type of vehicle for Ca(OH) 2 pastes, that is, inert (SSL) or active (CHX), Ca(OH) 2 medications exhibited a high antimicrobial activity [11, 20, 21, 27] . Particularly, Ca(OH) 2 + SLL was highly effective in reducing bacteria load, with median values of 99.80 and 99.98% after 7 and 14 days of treatment, respectively. Despite this high effectiveness, special concerns exist regarding the use of Ca(OH) 2 with an inert vehicle (i.e., SSL), namely: Concerns regarding type of infection-(a) bacterial arrangement, such as biofilms and palisade colonization, may dampen its lethal effects [28] ; (b) bacterial resistance [22, 29] ; and (c) long-lasting infectious process with high bacterial density with large number of bacterial species and higher propagation of bacteria to dentin tubules and ramifications; Concerns regarding intracanal disinfection: (a) Ca(OH) 2 has a limited antibacterial spectrum that does not affect all members of the endodontic microbiota [22] ; (b) Ca(OH) 2 has bacterial lethal effects only by direct contact, being clinically limited by the root canal anatomy [29] ; (c) Ca(OH) 2 has low solubility and diffusibility, making it difficult to reach a rapid and significant increase in pH to eliminate bacteria present in biofilms, dentinal tubules, tissue remnants, and anatomic variations; (d) physicochemical properties of this substance may limit its effectiveness in disinfecting the root canal system after a short-term use; (e) pH levels in long-time dressings; and (f) high buffering ability of the dentin, which controls pH changes and thereby reduces its antimicrobial effectiveness [30] .
In an attempt to sidestep these limitations, the association of Ca(OH) 2 with other antibacterial substances has been proposed [11, 21, 24, 31, 32] . Because the wide broad spectrum of CHX against both Gram-positive and Gram-negative bacteria, yeasts, facultative anaerobes, and anaerobic bacteria [25] , including their long-term resistance to infection, this substance emerges as an alternative medication to Ca(OH) 2 , as well as in combination with Ca(OH) 2 as an activity vehicle. Particularly, when tested as an alternative intracanal medication, it was found to be effective in reducing bacterial load in 99.73 and 99.71% after 7 and 14-day treatment protocols, respectively. The high antimicrobial activity of CHX found in the present study is in accordance with previous investigations [24, 26, 33] . When tested as an activity vehicle for Ca(OH) 2 , such a combination resulted in a reduction of 99.64 and 99.36%, respectively. Up until now, there is no consensus among the studies investigating the antimicrobial effectiveness of Ca(OH) 2 mixed with CHX [11, 21, 31, 32] . Although some studies showed that the antimicrobial effects of Ca(OH) 2 are significantly increased when adding CHX to a paste [32, 34] , others have shown no significant increase in such an activity [11, 31] . Chemically, the combined use of CHX with Ca(OH) 2 in the root canal may generate excessive reactive oxygen species, which can potentially kill various root canal pathogens [32] . In vitro studies reported that the efficacy of Ca(OH) 2 is significantly reduced when mixed with CHX because of the changes in the alkalinity of calcium hydroxide [31, 32] . In the present study, LAL assay has detected endotoxins in 100% of the root canals, thus agreeing with previous investigations [6] [7] [8] [9] [10] [11] . Because of their high inflammatory potential to periapical tissues, special attention has been given for the removal of endotoxins from endodontic infections [9, 11, 24] . The LAL assay employs a serine protease catalytic coagulation cascade that is activated by endotoxin. Factor C (FC), the first component in the cascade, is a protease zymogen activated by endotoxin binding. Downstream, this pathway activates a pro-clotting enzyme into a clotting enzyme (coagulogencoagulin). The chromogenic LAL assay (QCL or KQCL) uses the synthetic peptide-pNA substrate, which is cleaved by the clotting enzyme, imparting a yellow color to the solution. The strength of the yellow color (determined at an optical density (OD) = 405 nm) resulting from the chromogenic LAL substrate is correlated with the endotoxin concentration.
In this study, although 2% CHX gel exhibited low effectiveness against endotoxins, Ca(OH) 2 exhibited a high endotoxin detoxifying activity, regardless of the type of vehicle tested, that is, inert (SSL) or active (CHX) and of time of application (7 or 14 days of therapy). The limited effectiveness of CHX against endotoxins [10] and the high endotoxin detoxifying activity of Ca(OH) 2 medications found in the present study are in accordance with the literature [11, 23, 35] . The ability of Ca(OH) 2 in neutralizing LPS molecule is attributed to its capacity to cleave ester-linked hydroxy fatty acids [36] .
Our findings have revealed the presence of IL-1β, TNF-α, and PGE2 in all samples investigated. IL-1β, TNF-α, and PGE2 are commonly found in apical periodontitis disease [6-8, 13, 14, 16, 17, 37] , being closely related to the development of clinical features and bone destruction [6-8, 13, 14] . Particularly, IL-1β and TNF-α are known to initiate and augment subsequent inflammatory cascades, leading to tissue destruction [17] , whereas PGE2 seems to be directly and indirectly implicated with most of the inflammatory and destructive changes in apical lesions, such as vasodilatation and increased vascular permeability and collagen degradation [7, 37] . All 7-and 14-day treatment protocols were effective in lowering the levels of IL-1β, TNF-α, and PGE2, with no differences between the medications tested. The benefits of Ca(OH) 2 and CHX gel intracanal medications in preventing the increase of inflammatory biomarkers in the periapical tissue have been demonstrated elsewhere [13, 14] . Particularly, the 7-day CHX-protocol (G3) exhibited the lowest effectiveness in lowering the levels of most cytokines compared to the 14-day protocols. Essentially, the limited ability of CHX to significantly lower the levels of inflammatory biomarkers is addressed elsewhere [14] . The association of CHX-gel with Ca(OH) 2 medication has currently brought benefit in lowering the levels of inflammatory cytokines. Barthel et al. [38] and Safavi and Nichols [36] showed that bacterial LPS, when treated with Ca(OH) 2 , has its biological properties changed, thus indirectly affecting the TNF-α and PGE2 secretion.
Considering the positive correlations between higher bacterial counts and higher levels of inflammatory cytokines found in this study, together with the concept that the equilibrium between root canal pathogens and anti-infective defense mechanism initiates involution of inflammatory process, one might speculate whether the decrease in inflammatory cytokines is attributed not only to the anti-inflammatory activity of medications but also to their antimicrobial activity (by switching off the influence of bacterial contents).
In conclusion, all the 7-and 14-day intracanal medication protocols were effective in reducing bacteria and endotoxins as well as in lowering the levels of inflammatory cytokines, with CHX showing limited effectiveness against endotoxins. Moreover, 7-day CHX-protocol exhibited the lowest effectiveness in lowering the levels of most cytokines compared to the 14-day protocols.
